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FLOOD CRESTS O N  THE OHIO AND M I S S I S S I P P I ,  AND THEIR MOVEMENT. 

By ALFRED J. HENRY, Meteorologist. 

SYNOP*IS. 

This study is based on the results of daily gagin s of the Ohio and 
Misaksippi Rivere under the varying conditions of etream flow that 
may anse in the come  of a year. 

The actual velocity of flood flow for a number of freshets and flood 
flows have ala0 been considered. 
Owing to the difficulty in evaluating the influence of some of the 

important factors that determine the velocity of flow of water in open 
channels, no simple formula of general application has yet been 
devel? ed. 

WhiE the velocity of flow of water in an open channel is greater 
the higher the stage and is greater in a rising than in a falling 
river, et the movement of crest stages-not being dependent wholly 
upon &e velocity of flow--appears to be more ra id at comparatively 
low s tqes  when the water is well within the banis of the stream than 
when the banks are overtopped a9 at very high stage.9. The reasons are 
fairly obvious although local conditions and the tributary effect may 
be the dominatiq influence a9 at Cairo, Ill., where, at times, the 
balance between mflow and outflow is disturbed by the channel 
capacity below Cairo. Overflow of lowlands on the left bank opposite 
and immdmtely below Cairo at ekmes above 40 feet results in more or 
ley retardation in the velocity of the outflow and crmt etagee on the 
Cavo gage may be due to that cause alone. 

The average rate of flood-flow in the uppez Ohio is about 5 miles per 
hour and on the Mississippi below Cairo very close to 4 miles per hour, 
although crest stages move at a slower rate. 

In  the ractical work of forecasting the date of occur- 

understanding of the conditions which precede and 
attend the rise of a flood and its subsequent movement 
down stream. 

Th,e.fEow of watw in, open ~hamsls.--The flow of water 
in natural and artificial channels has been-under observa- 
tion for more than a century and much time and ener y 

which shall truly re resent the mean velocity of a stream. 

in estimating the discharge of a stream is that of C’hezy 
(1775). 

4’ - G &, in which 

v is the mean.velocity in feet per second: c a coefficient 
combining the total effects of the roughness of the bed 
and all other conditions which may effect the velocity 
exce t the two remaining terms (rl hydraulic radius and 
(8)  syope. Ganguillet and Kutter’ (1860) succeeded in 
expressing the coefficient c in term? of r, 8, and 11. in 
which T and 8 have the same s1gnificance.a~ in the Chezy 
formula and n is a separate factor to indlcate roughness, 
and should be estimated upon data collected in the field. 

The equation as developed bu Hutter is complicated 
and for obvious reasons its application to conditions of 
flood flow is esceedingly difficult. The movement of n 
flood down the stream channel can-be determined with 
considerable accuracy by age readings especially when 

effects are absent. The simplest case is that of the 
sudden release of a large body of water as by the failure 
of a dam. The rapidity of movement of the resulting 
flood wave downstream will de end largely u on tlie 

ff a t  a very low s t  e the speed of the flood wave will be 

the bed and sides of the channel an because of the time 
consumed by the flood waters in filling the pools and low 
places in the channel and also in overflowing the low 

rence of tf ood crests it becomes-important to have a clear 

has been expended in the development. of a forniu 7 R 

The basic formula P or tlie velocity of water as an element 

the range from low to hig k i water is great and tributary 

eneral water level a t  the time o P the failure of t P ie clam. 

much retarded bot l-% O? account of reater friction upon f 
~ 

llet & Kutter, The Flow of Water in Rivers snd Other Channels, English A%3k, m9. 

spots in tlir flood p l h .  With the water a t  a moderate 
stage the flood flow will he more rapid and will closely 
a.pprosiinate that of a moderate flood produced by 
nat.ural causes. 

‘I’he most important factors affecting the flood flow of 
n streani are the size and shape of the watershed and its 
geogra hic position with respect to the prevailing dlrec- 

wttt,t~i=shed the less the likeli iood of torrential rains falling 
ovcr its cntire area rtnd therefore the lrss the probability 
of a severe flood. Even though torrential rains should 
full over one or more of the smaller tributaries of the 
wa.teisIied the resulting flood wnre will flatt.en out when 
it reuclies the ninip stream. 

A draintge area so shaped that the discharge from its 
tributaries will reach the trunk stream a t  about the same 
time will promote the occurrence of masimum floods. 
A watershed in u-liich the drainage is in a direction op o- 
site to t1ia.t in which rain.storms advance is favora g ly 
conditioned with respect to the slow rise of floods since a 
part of tlie flood waters has an o portunity of running 

lower part of the stream. 
River gcqings separated by an interval of 24 hours 

serve but im erfectly in deteimining the speed of crest 

is macle to have river observe13 note and record the time 
of occurrence of tho crest stage but more frequently than 
not the time of occurrence of the crest stage is not ob- 
tained. 

On a small watershed, whatever its shape, the rainfall 
distribiition is generally uniform and the discharge from 
the t r i b u t q  streams will as a rule reach the trunk 
stream a t  very nearly the same time. 

The run-off which first reaches the stream is that from 
tho zom of 50 or more hileu in width paralleling the 
channel. The run-off from this zone for convenience may 
be called the “immediate” run-off. The first effect of 
this run-off is to cause the pools in the channel to be 
filled q~ and naturally a rise in the river that is practi- 
cally simultaneous throughout its entire length. As the 
run-off from the more remote parts of the watershed 
reach the trunk stream a definite crest stage which may 
be a few inches or a few feet in magnitude is reached a t  
and immediately below the junction of the upper main 
trihutai streams with the trunk stream. Whether the 
crest wi T 1 increase in magnitude or flatten out as it passes 
downstream is conditioned almost wholly upon the run- 
off of tlie tributnries that join the trunk stream in its 
lower reaches. It may happen that the run-off of the 
lower tributaries has reached the trunk stream in suffi- 
cient vdume to cause a definite crest stage before the 
the arrival of upstream water and that the arrival of this 
water merely tends to retard the fall and thus prolong 
the flood wave. In all such cases the movement of the 
upstream crest can not be fo!lowed. Again it; may also 
happen that after a rainy period of several days duration 
the rains in the up er part of a watershed may be suffi- 
cient to start a mo : erate flood. wave downstream. This 
flood wave advancing successively into stretch? of a 
rising stream moves with a speed closely approslmating 
that of the masimum of flowing water in a stream. 
An example of a flood wave that apparently passed 

from Warren, Pa., to New Orleans, La., in 19 days, or at  

P tion o P rsin storms which a.ss over it. The larger the 

off before the flow from tlie hea s waters can reach the 

movement. f n the Weather Bureau service the endeavor 
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the rate of about ion miles per day, is afforded by thc separated by about a wcek and t.hat the second crest 
freshet of October-Noveniber, 1917. This freshet. oc- overtook the first at’ Cincinnati, Ohio, about October 30: 
curred at  a time when all streams were at  a low- stage: thcreaft~r, while the pro regs of tahe first, wave can be 

showers in the watersheds of the northern tributaries of less contmuoiis rise t,o the principal crest a few days later. 
the Ohio est,ending from Indiana to western Pennsyl- Below Bat.on Roiigc the indications as to the date of 
vania and was followed by about three weeks of rainless the crest art? uncertain, but it, prohably occurred at  New 
weather thus giving an opportunity to follow the risc Orleans on tho 19th. 
downstreani without the usual complications which arise The details of the prowess of both crests are shown in 
froni the tribiitarv effect due to rains after the crest has the subjoined table, ancr the advance of the rise on thcb 
been reached. Oh esaniihing the record more closely it Mississippi, Cairo to New Orleans, is illustrated in 
was found that there were at  least two distinct crest.s fiyirc 1. 

it was caused by short period of almost tlailr moderatc shown bp t.lir daily rise t. P iere was a steady a.nd more or 

From- 

Ilircr snd ststion. 

TO-- 

9. i 
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Nor. 9 
No\-. 12 . .do.. ... 
Nov. 14 
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Nov. 18 
Nos. 17 
No\-. 18 ......... 

Calro,IU ............................................................................. / O r t . 2 8  

.Wimissijipi. 

New Madrld Mo .................................................................... Oct. ZY 
Memphis T& ...................................................................... Oct. 31 

Arkm&City Ark .................................................................. Nov. 2 
Grepnsille, MIS ..................................................................... Nor. 3 

Natchea him ....................................................................... Nov. 2 

Helena Ark ......................................................................... Nor. 1 

Vlckqburg Miss ..................................................................... Nov. 4 

Baton doup Ia ................ .:... ............................................... Nov. 
New Orknns,’ La.?. ...................................................................................... 

Pecond rise. 

9.6 11.5 

8.1 9.0 
5.8 ! 7.2 

6.4 I 
5.S ! h:i 
4.3 ! 5.3 
6.0 i 6.! 

5.2 ’ 6,.! 

3 . 2 ,  3 . #  
I - - - . - - - - - ’  

- 

- 

!&hour 
riW. 

- 

3.1 
3.0 
1.9 
3.1 

2.5 

0.1 
1.3 
1.0 
0. s 
0.5 
0.3 
0.1 
0.3 
0.3 
0. a 
0.1 
0.1 

n. 5 

0. a 
0. a 
0.3 
0.3 
0.3 
0.1 
0.1 
0.3 ........ 

Ahow 
Cairo 

(mila$). 

1 114 

w 
1’m1 
1:oro 

087 
R79 
781 
;03 
I 7  
812 
IW 
412 
167 
Mu 
191 
119 
43 ......... 

Below 
(hiro. n 

227 
307 
437 
480 
rn 
706 
Iu1 
981 

Attention is directed to the fact the the fiist or pre- 
liminary crest was reached on the Ohio from Portsmouth 
almost to the headwaters of the Allegheny in northern 
Pennsylvania on October 20, escepting unly a short 
stretch of the river between Marietta, Oluo, and Parkers- 
burg, W. Va., where the discharge from the Muskingum 
came out a day later. This rise in the streams from ti 

low stage was due to very general rains on the 19th over 
the entire basin. There was no ronouncecl flood peak 

the tributary streams which enter the Ohio on the riglit 
bank between Pittsburgh, Pa., and Cincinnati, Ohio, was 
suffrcicnt to create a distinct rise in the river which can 
be traced more or less definitely from the headwa.tci3 to 
New Orleans, La. 

The column in the table headed “24-hour rise” showv 
roughly the volume of flood flow that passed the respec- 
tive aging stations. The relation between gage heights 
and !i ischarge for the stations in the table is of course 
not a fixed one nor are the gage heights a t  tho several 
stations strictly comparable among themselves, although 
the gaging stations on the Ohio a’bove Cincinnnti a r e  
fmrly comparable. The river a t  Madison, Ind., and below 
is considerably wider than a t  points u stream. This is 

bankful stage is 3,400 feet wide,jalmost twice as wide RS 

at any point along t>he river, alt % ough the discharge of 

especially true for Louisville, Ky., w R ere the river a t  

at Cincinnati. The gage relations between the two sta- 
tions vary within very wide limits. At extremely low 
stages a rise of a few feet at Cincinnati ma not show on 
the Louisville gage and, on the other han8, a t  a 50-foot 
stage on the Cincinnati age, and a correspondin high 

The weather after October 20 was showery with rains 
almost daily in some part of the basin, so that the 
streams rose uite generally. 

occurred over the upper Ohio basin, producing the rises 
shown i n  the table under the caption .‘Second rise.” 

The speed of the first rise computed from crest stages, 
Cincinnati to Cairo, was ap rosimately 3.4 miles per how, 

The hulk of the run-off from the rains of October 30 
appears to hwe reached the Allegheny throughout its 
entire length on the 30tli-3lst, October. Although the 
crest sta es on t.hat stream occurred some time after 

at, 11 a. m. on that date and by the next morning the 
river was falling t.hrou hout its entire length. The crest 

13 hours, or at  the rate of 6.7 miles per hour. The crest 
at Parkersburg, 95 miles below Wheeling, was reached in 

river below 75 er cent o B the rise a t  Cincinnati wdfshow 
on the Louisvi R e gage. 

On the 30t R a general and moderately heave rain 

and from Cairn to Baton i ouge, La., 3.5 miles per hour. 

8 a. ni. o i: the 31st. The crest at Pittsburgh was reached 

at  W’lieeling, 87 i d e s  % elow Pittsburgh, was reached in 
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33 hours, or at the rate of but 4.1 miles per hour. PITO 
definite times of the occurrence of the crest were reported 
below Parkersburg and we must therefore assume that 
the 8 a. m. redings corres ond to the crest stages at 
points on the lower river. h i e  velocity thus comput,ed 
IS 4.4 miles per hour. 

From C a m  to Baton Rouge the velocity was about 
4 miles per hour as compared with 3.5 miles for the 
first rise; it should be remembered, however, that in 
reality the second rise merged almost impercept.ibly into 
the h a t  from below- Cincinnati to Natchez which douht- 
less accounts for the rapidity of movement. 

Instead of using gage heights in determining tho tinie 
of occurrence of the crest stage we may coiisider the time 
interval between successive nses of some definite inagni- 
tude, say 1 or 3 feet between stations located at vary- 
ing distances below the headwater stat.ions. When, for 
example, a river is falling or stationary an increase iii 
gage height can he iiiterpreted in but one way, viz, as 
showing an increase in streamflow, channel conditions 
remahimg the same. The increase in streamflow first. 
noticed at  a g a p g  station is generallF the result of what 
has been herembefore called the “mrnediate” run-off 
but when the rise is pronomiced we ma note t.he time 

The %-hour rises in the 
hississip i from Chester, Ill. (115 niiles above Cairo, Ill.); 
to New 8 rleans, La., for the period during which the two 
freshets hereinbefore described passed clown stream have 
baen plotted to form figure 1 below. 

required for a rise of similar niagnitu d e to reach the 
aging station nest below-. 

Observations in the Mississip i River 
above Carrollton, La., during ge flood 
of 1912 and 1913 give averagevelocities 
in the main channel of 4.1 and 3.9 
miles per hour, respectively, for the 

The distance from Cairo to Baton Rouge, 841 miles, 
was covered in 9 days, or at the rate of 3.9 miles per hour. 
The slight difference in speed between the first and second 
rise ma be accounted for by the fact that  the river stood 

the beginning of the first. 
a little h ‘gher at the beginning of the second rise than a t  

M E A S U R E D  VELOCITIES OF S T R E A M  FLOW. 

Since the velocity of flow is an important factor in the 
determination of discharge, many careful and accurate 
measurements of the actual velocity of fjow are available. 
The early observations by Hum hreys and Abbot on the 

sippi River Commission, have been considered. A casual 
inspection of these observations shows at once that the 
velocity is greater for rising than for fallin stages and 
that owin to wind action and possibly o tB er local in- 

comparatively short sections of the river. Discharge ob- 
servations made at Columbus, Ky., for stages of .40 feet 
and above with a rising river give an average velocity of 
5.3 miles er hour. For approsimately the same stage, 

have been 4.6 miles per hour. At  stages of about 30 feet 
the observations are not so numerous as a t  40 feet, but 
the escess in the velocity of flow for a rising river appears 
to be greater than at the stage of 40 feet. 
. Observations at Vicksburg, Miss., for stages between 

40 and 45 feet and a rising river give an average velocity 
of 4.6 miles per hour and for a falling 

Mississippi, as well as the later o E servations by the Missis- 

fluences di B erent velocities are sometimes indicated within 

but for a f alling river, the average velocity was found to 

0.8 
0.9 
0.7 
0.9 
0.7 
0.6 
0.7 
0.6 

-- 
N O ~ .  3 
Nov. 4 
Nov. 6 
Nor. 7 
Nov. 8 
Nor.  10 
Nov. 11 
Nov. 12 

This di am, first of all, shows that the rise came 

moreover, that the rise progressed downstream a t  a fairly 
uniform rate. The first rise of 1 foot or more,on the 
Cairo g e occurred on October 27. Considering that 

much as 1 foot was seven days in reaching Vicksburg, Miss., 
or at the rate of 3.6 miles per hour, practically the same as 
found by a consideration of crest sta es in a preceding 
paragraph. The second rise on the 8 airo gage was not 
so great as the first and was separated therefrom by a 
penod of but 24 hours during which time the river re- 
mained stationary a t  13.8 feet-a stage about 5 feet hi her 
than when the initial rise began on October 36. !?his 
second rise, as may be seen from the diagram, pro ressed 
downstream a little more rapidly than the first. 8onsid- 
ering the rise of 0.8 foot at Cairo on November 3 as the 
reference datum the Dromess of the rise downstream is 

aImost who Yi y from the Ohio. A simple inspection shows, 

date as T t e date of origin it may be seen that a rise of as 

1.4 
1.1 
0.9 
1.2 
1 .3  
1.0 
1.0 
0.5 

shown in the small table’6elow. 

Nor. 4 
Nov. 5 
Nov. 7 
Nov. 9 
Nor. 10 
Nov. 12 
Nor. 18 
NOT. 15 -- 

Statfan. 

Cairo Ill ......................................... 
New hdr ld  ldIss ................................ 
Memphis, T&n.. ................................ 
Helena Ark ...................................... 

“lie computed Velocities a t  tho time of maximum 
dischar e depend very considerably upon slope. They 

of 0.29 foot in 1,000 to an individual maximum of 10 
miles per hour at  a slope of 3.5 feet in 1,000. 

Maximum velocities greater than 6.5 miles per hour 
were very raxel observed in the Mississi pi. 

the lower Mississippi during high water is close to aud 
probably slightly in escess of 4 miles per hour. It is 
probable that niasimum velocities as reat as 4.5 miles 

wave, but since the flood front is naturally of limited 
extent an average value of 4.5 miles is considered too 
hi h. 

%he average interval between flood crests, Cairo to- 
Memphis, as empirically determined is about 5 days with 
a possible variation of as much as 40 er cent. The inter- 

50 feet or over on the Cairo gage-than for low water. For 
Cairo stages between 30 and 40 feet the average intexval 
is very close to 3 days, which corresponds to a speed of 
3.1 miles er hour for the most rapid moving crests. 
The great B ood crests appear to move on the average with 

ranged 5 rom a masimum of 3.7 miles per hour at  a slope 

In general, t t e maximum velocity of h owing water in 

per hour may be experienced in the P ront of the flood 

val is nearly always greater for hig R water-a stage of 

9 Mami Canseavanog Distrii.  Technical Report#, Part IV, Table No. 8, I n n  E 
Howl. 
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Oct. 5.. ......................................................... 
Oct. 6.. 
Oct. 7 ........................................................... 
Oct. S... ........................................................ 
Oct. 9.. ......................................................... 
Oct. 10.. ......................................................... 
Oct. 11.. . .~ ...................................................... 
Oct. 12.. ................................................. ;. 
Oct. 13.. ................................................................... 

......................................................... 

a speed of 1.9 miles per hour. The aver e interval for 
great flood crests between Cairo and VicBurg  is about. 
16 days with a possible variation of 3 or 4 days on either 
side. This corresponds to a speed of about 1.5 miles 
per hour. 

A further example of rapid crest movement is that 
afforded by the 

.\UTUMN FRESHET OF 1918. 

0.9 0.1 
3.9 0.7 
4.0 0.6 
1.6 PO 
2 3  2 7  
1.6 21 
0.3 1.7 ................ 1. a 

0.6 

This freshet had its origin in the rains of October 30, 3 1, 
in the Ohio wat.eirtlied, mostly over the southern tribu- 
taries. Its beginning was not clearly marked, but it map 
be said to have passed from Pittsburgh, Pa., to New Or- 
leans, La., in about 23 da-ys, increasing in magnitude ns 
it  passed downstream, the increase beiug due to a fortu- 
nate combination of the kjbutary freshet flow with that 
of the main stream. The tributaries conceriied were the 
Kanawha, the Big Sandy, the Kentucky, and the Tennes- 
see and Cumberlaud, all sout.hern tributaries. It so hap- 

and western Kentucky, October 3-6, 1910. Over this 
re ion t.he rainfall was nowhere less than 6 inches and 
in 5 ocalit.ies as much a.s 15 inches. The streams were low 
and the ground was dTy, hence a damaging flood did not 
result. The heavy rainfall was confined to the regions 
above named and there was no pronounced rise in the 
Ohio above Cincinnat,i. At that place the river rose 10.6 

8 feet in 4Y hours; at  Evansville the total rise was 21.1 feet 
in 7 days and nt Cairo 14.6 feet to n stage of 26.8 feet in 
the wine time. This rise was sufficient to carry through 
to New Orlrans although the date of arrival a.t that 

s more or less uncerbain. The rate of movement 
place rom C!airo t.o Menipliis was 4.7 iiiiles per hour; Memphis 
to Vicksburg, 3.1 iiiiles er hour. It, is probable that the 
high velocity, C!airo to heniphis, was due in a nieasure to 
t,lie heavy rain that fell directly into the channel and 
over .the nrea between the levees. The total rainfall 
:it Memphis, October 3-6. wns 4.73 inches; Cairo, 10.92 
inches, and, of course. proport.iondte amounts between 
these two points. Tho response of the river at  Cairo 
. - . _. . - 

. .  . . . . . . . .  ............. :... 

FIG. ?.--Theautumn IrasbetolNurumber 1.191Y, Pittsburgh to New Orlemnsin23day+ 

pened that the rainfall on the headwaters of the two last 
mentioned was unusually heavy on October 30, a day 
sooner than on other tributaries, and, although t8he flood 
waters of both these streams had a greater distance to 
cover, they synchronized fairly well with the flood flow 
coming down the Ohio. Thus it happened that with a 
total rise of but 3.6 feet at Pittsbur h to a stage of 9.9 
feet on November 1, the t.otul rise a t  8airo had increased 
to 12.5 feet and the stage reached was 23.2 feet. This 
rise wa.s sufficient to carry through t.0 New Orleans in 
about. 14 days and to Vicksburg in S da-ys, the latter bein 
one among the most rapid movements ever experiencef 
The rogress of this freshet is graphically shown in f ipre  
2. I n  analysis of this illustration discloses the follomng. 
The rise in the Ohio at  Pittsburgh and Wheeling liaci 
diminished to about one-third of its volume as measured 
by gage hei hts when it reached Parkersbu 

the trunk stream 24 hours before the up-river water had 
arrived, advanced the date o€ the crest between Point 
Pleasant and Cairo by that amount. At Ciucinnati and 
Madison the river rose about a foot on October 31, evi- 
dently clue to the same rainstorm that caused the rise 
at Pittsburgh and Wheeling a day later. This rise can 
be definitely traced to Cairo, but appears to have lost its 
.identity a t  New Madrid, although it reappears a t  Arkan- 
sas City and below; hence we have, as before, a series of 
rather small rises rogressing downstream and se arated 

condition appears to be conducive to the masimum rate 
of flow. 

Still another example of the movement, of flood crests 
at initially low stages is afforded by the freshet in the 
lower Ohio and the Mississippi below Cairo produced by 
the exceptionally heavy rains that fell within 60 hours 
over southwestern Ohio, southern Indiana and Illinois, 

7 A sharp rise in the sout 5 ern tributaries below Parkers urg reaching 

from each other % y a very short time-intervaf This 

and Meinphis to the run-off from this rainfdl is shown 
in t,he small table bclow. 
Rise of the Mississippi in feet and tenths on the d a h  and at the phcea 

named. 

These figures show that the main rise which be an 
tit Cairo on the 6th a peared two days later at Menip a is. 

and it was doubtless due to that fact that the crest 
b0t.h at, Cairo and Mein his was reached on the 11th 
and 13th, respectively. Figure 3 illustrates the progress 
of this freshet. 

I pass now to a consideration of the movement of a 
well-defined flood on the Ohio due to rain and melting 
snow. The flood selected is that of January 8-26, 1913. 
This flood had its origin in a few da s of relatively high 
temperature with rain over practica ii y the whole of the 
Ohio basin. The high temperature caused much snow 
water to reach the trunk stream and the subsequent 
weather was favorable to continued high run-off until near 
the close of the month. The distribution of the run-off 
from melting snow is different from that of rainfall in that 
while a rainstorm generally passes across the entire 
watershed in 24 hours and the run-off therefrom ceases 
shortly after the end of t,he rain, the discharge from 
melting snow continues uninterruptedly so long as the 
temperature remains substantially nbove freezing. In  

Up-river water at  e, air0 did not arrive until the 9th 
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the case under consideration the temperature was con- of a stream which flattens out ty it reaches the lower 
siderably above freezing for upwards of 70 hours and reaches because of inadequate tributary sup ort. 

As a. result the 
O h 0  from Pittsburgh to Cairo rose continuously .and heavy rain irre larly distributed, moist snow, and high 

8th was 7.6 feet, on tlie 9th 7.6 feet, on the 10th 4.3 feet., caused a run-off from melting snow sufficient to cause a 
on the 11th 2.7 feet, on tlie 12th 3.8 feet, and on the 13th break-up of the ice in the main streanis and their tribu- 
3.4 feet. taries. The high temperature on the 14th was effective 

roducing a crest sta e in both the Youghiogheny When a stream is rising from its source to its mouth 
there can be no real pronounced crest escept as some an Hiskimmetas, two o the main tributaries of the 
tributary contributes an unusually large volume of water. Ohio that converge close to Pittsburgl, and it was mainly 
In this case the run-off from melting snow in tho Alle- t.o the very heavy flood flow of these two rivers that an 
gheny and other rivers that 
conver e a t  Pittsburgh was 
checke% on the 9th and the 
flood crested a t  Pitt,sburgh on 
that date. The crest wa.s 
reached at Wheeling 86 miles 
downstream on .the loth, but 
the river st Parkersburg 183 
miles downstream continued to rise until tlie 13t]l. Be- 

cinnati a largevolume of water 
was discharged into the trunk stream mid a.s a conse- 

uence the flood at Cinciniiati wn.s in the form of n long 
&awn out swell without a pronounc.od csest, although the 
highest point reached wa.s 62.2 feet at  6 p. m. of the l i th ,  
0.3 foot higher than a t  S a. m. of tlie same date. The 

about 5 days. Below Cincinnati the flood wave was of 

l ove r  over the southern tributaries. 

rather uniformly for several days; the average rise on tlie 

The flood in question was due to a corn TI ination of 

temperature; t P ie latter continued over .two clays and 

in B 5 

’ 

tween Parkersburg and Cin- FIG. J.--Freshet or Oct.ober. 1910. due to henry ruins in lower Ohio Valley. 

unprececlenbecl stage was reached at  Pittsburgh on the 
early morning of the 15th. The Muskingum, which 
enters the Ohio on the right bank at  Marietta, Ohio, 
contributed a large flow on the 15th which hac1 the effect 
of advancin somewhat the time of the crest in the 

crest to pass froni %ttsburgh, Pa., to Louisville, Ky., 
was 126. hours, or at  the rate of 4.8 miles per 
hour; from Louisville to Cairo the rate of 
movement was diminished to 3.6 miles er 
hour. The Mississippi at Cairo, when tshe 0 R io 
flood reached it, was at  a moderate stage and 
slowly falling. The crest of.the Ohio flood 
reached Memphis in 6 clays, Vicksburg in 16 
clays, and New Orleans in 20 days. The 
%-hour rise during the early part of the 
flood is gra hically shown in figure 4 for the 

Orleans, La. 
In  general, it may be said that the average 

crest movement Pittsburgh to Cincinnati is 
3.4 days, Cincinnati to Cairo 6.6 days, and 
Pittsburgh to Cairo 10 days, with wide cle- 
partures clue to the tributary effect of the 
Tennessee and Kentucky Rivers. 

For the Mississippi the crest movement 
Cairo to MemDhis for floods of 50 feet on 

river a t  Cincinnati remained above tlie 60 foot stage for Ohio at  Par a ersbur The exact time required by the 

stretch of t B e river-Pittsburgh, Pa., to New 

FIO. I.-Th0 great snow flood of Mmh,  1907, in upper Ohio. 

similar form, the river rising by a small amount e?ch day 
and 6nally cresting at  a stage only a small fraction of a 
foot above the stage 24 hours preceding. The crest of 
this flood appears to have passed from Pittsburgh to 
Cincinnati at the rate of 4.4 miles per hour and from 
Cincinnati to Cairo at the rate of 1.8 miles per hour. The 
time required for this flood to pass Cincinnati and the 
relatively high sta es in both the Tennessee and Cumber- 
land foreshadowe a a slow crest movement in the lower 
river. 

The severe flood of March, 1907, in the upper Ohio 
affords an example of an intense flood in the headwaters 

the Cairo g e is very close to 5 days, 

side; for great floo c r  s Cairo to Vicksburg the average in- 
terval is 16 days, with a possible variation of 4 days on 
either side due to tributary effects below Memphis. 
Crest stages of small floods and freshets travel with 
almost twice the speed of the crests of great floods. 

M i .  Herman W. Smith of the river and flood division 
has also determined the time interval between Cairo, Ill., 
and Vicksburg, Miss., respectively, and the relation 
which subsists between crest stages at  the two places. 
His note and the illustrations which accompany it.may 
be used as a basis for forecasting crest stages at  Vicks- 
burg as soon as the crest has been reached at  Cairo. 

with a ossib i e variation of a day on either 


